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Abstract
Severe acute respiratory syndrome-associated coronavirus-2 (SARS-CoV-2) causes coronavirus disease 2019 (COVID-19),
which has been considered a pandemic by the World Health Organization (WHO). Clinical manifestations of COVID-19
disease may differ, most cases are mild, but a significant minority of patients may develop moderate to severe respiratory
symptoms, with the most severe cases requiring intensive care and/or mechanical ventilatory support. In this study, we aimed
to identify validity of our modified scoring system for foreseeing the approach to the COVID-19 patient and the disease,
the treatment plan, the severity of morbidity and even the risk of mortality from the clinician’s point of view. In this single
center study, we examined the patients hospitalized with the diagnosis of COVID-19 between 01/04/2020 and 01/06/2020,
of the 228 patients who were between 20 and 90 years of age, and whose polymerase chain reaction (PCR) tests of nasal and
pharyngeal swab samples were positive. We evaulated 228 (92 male and 136 female) PCR (+) patients. Univariate analysis
showed that advanced age (p < 0.001), hemoglobin (p < 0.001), troponin-I (p < 0.001), C-reactive protein (CRP) (p < 0.001),
fibrinogen (p < 0.001), HT (p = 0.01), CAD (p = 0.001), DM (p < 0.001), history of malignancy (p = 0.008), along with
m-sPESI scores (p < 0.001) were significantly higher in patients that needed intensive care due to COVID-19 infection. In
the multivariable logistic regression analysis, only the m-sPESI score higher than ≥ 2 was found to be highly significant in
terms of indicating the need for ICU admission (AUC 0.948; 84.6% sensitivity and 94.6% specificity) (p < 0.001). With an
increasing number of hospitalized patients, healthcare providers are confronting a deluge of lab results in the process of caring for COVID-19 patients. It is imperative to identify risk factors for mortality and morbidity development. The modified
sPESI scoring system, which we put forward, is successful in predicting the course of the disease at the presentation of the
patient with COVID-19 disease and predicting the need for intensive care with high specificity and sensitivity, can detect
the need for intensive care with high specificity and sensitivity.
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tions. Although mild disease is the most common, mortality is quite high in the critical disease group.
• Simplified PESI (sPESI), which has been used for
patients with pulmonary thromboembolism at the time
of diagnosis for many years and provides scoring data
in terms of possible mortality risk, is a good mortality
predictor with its parameters and scoring system.
• We modified the scoring system (m-sPESI). We have
detected that the m-sPESI scoring system will be useful
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in detecting need for intensive care with high specificity
and sensitivity.
• This scoring system will be useful in detecting special
situations such as the need for intensive care unit and
predicting the course of the disease at the presentation
of the patient with COVID-19 disease

Introduction
The new type of coronavirus infection (COVID-19), which
first appeared in Wuhan province of China in December
2019, spread very rapidly, and affected the entire world. On
March 11, 2020, the World Health Organization (WHO)
declared that this disease, which created a health crisis,
caused a pandemic. As of October 1, 2020, the balance sheet
for COVID-19 is over 40 million patients, with an average
mortality rate of 2.94% worldwide.
Clinical manifestations of COVID-19 disease differ. In
fact, vastly different clinical presentations, such as asymptomatic carriage, mild upper respiratory tract symptoms, pneumonia with severe cough and dyspnea, sepsis, and multiorgan failure are encountered [1]. Although mild disease
is the most common, mortality is quite high in the critical
disease group. On average, the mortality rate is 2.3%, however, this rate increases to around 50% in the critically ill
patient group [2].
It has been determined that patients who show a severe
course of the disease usually have various comorbidities,
and numerous changes in some laboratory parameters can be
associated with this disease [3]. In groups with a more severe
course of the disease, some features such as male gender,
advanced age, presence of underlying malignancy, cardiac
disease, high D-dimer, high lactate dehydrogenase (LDH),
and troponin elevation come to the fore. In patients with a
prominent pneumonia, both damage to the lung vascular bed
and necrosis of the lung parenchyma were observed [4]. All
these findings are remarkably similar to that of pulmonary
thromboembolism (PTE). Simplified PESI (sPESI), derived
from the Pulmonary Embolism Severity Index (PESI), which
has been used for patients with PTE at the time of diagnosis
for many years and provides scoring data in terms of possible mortality risk, is a good mortality predictor with its
parameters and scoring system [5]. Based on this similarity
of COVID-19 infection with PTE, we examined the usability
of sPESI as a predictor of clinical severity in COVID-19
patients at the time of initial presentation. We modified the
critical age limit for COVID-19 patients as > 65 years old,
adapted it to the sPESI and created the modified-sPESI score
(m-sPESI). The aim of this study is to predict the approach
to the COVID-19 patient and the disease, the treatment plan,
the severity of morbidity and even the risk of mortality from
the clinician’s point of view.
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Material and methods
Data sources
Approval was obtained from the Turkish Republic Ministry of Health, General Directorate of Health Services,
COVID-19 Scientific Research Evaluation Commission.
Our study was approved by Bursa Yuksek Ihtisas Training
and Research Hospital Clinical Research Ethics Committee dated 27/05/2020 and protocol numbered 2011-KAEK25 2020/05-16.
In this single center study, we examined the patients
hospitalized with the diagnosis of COVID-19 in Bursa
Yuksek Ihtisas Training and Research Hospital between
01/04/2020 and 01/06/2020, who were between 20 and
90 years of age, and whose polymerase chain reaction
(PCR) tests of nasal and pharyngeal swab samples were
positive. Those who had major surgery/trauma in the
last month, and a history of deep vein thrombosis and/
or pulmonary embolism were not included in the study.
The study comprised a total of 228 patients who met the
criteria. The laboratory values, radiological image data,
demographic characteristics, measured vital parameters
starting from the time of admission to the hospital, treatments and clinical outcomes of the patients were recorded.

Potential variables
Potential variables were recorded from the time the patients
were first admitted to the hospital. Demographic data, age,
gender, and smoking habits, the presence of hypertension,
diabetes mellitus, chronic obstructive pulmonary disease
(COPD), congestive heart failure (CHF), coronary artery
disease (CAD), history of malignancy, renal failure, immunosuppression or use of immunosuppressants were recorded.
Radiological images such as chest radiography and thoracic
computed tomography (CT) were examined at the time of
admission, and all normal or pathological data were noted.
The clinical outcome, discharge information or death, duration of intensive care admission, and total hospital stay,
vital signs, blood pressure, oxygen saturation (SaO2), minute heart rate, laboratory data, complete blood count values
(white blood cell count-WBC, hemoglobin-Hgb, neutrophil
count, lymphocyte count, platelet count-PLT), biochemical
examinations (ferritin, high sensitivity troponin-I, d-dimer,
sedimentation, c-reactive protein (CRP)), blood urea nitrogen (BUN), creatinine, alanine amino transferase (ALT),
aspartate aminotransferase (AST), lactate dehydrogenase
(LDH) values were recorded, and the neutrophil/lymphocyte
ratio (NLR) obtained by complete blood count was calculated and noted separately.
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Analysis and interpretation of data

Statistical methods

The sPESI scoring used as a mortality predictor in
patients with pulmonary thromboembolism (PTE) was
modified (m-sPESI) and adapted to predict the clinical
severity of COVID-19 disease. The score was obtained
by processing the main variables, age, history of malignancy, chronic cardiopulmonary insufficiency (CPI), minute heart rate value (HR), systolic blood pressure value
(SBP) and oxygen saturation (sPO2) values. The correlation between the patients’ need for intensive care, hospital
stay, mortality information and some laboratory results
(CRP, NLR, D-dimer, troponin-I, etc.) were examined.
Based on the meta-analyses conducted considering morbidity and mortality in COVID-19 and the Turkish Republic, Ministry of Health [6], we considered the risky age
group as 65 years and above for sPESI, and not 80 years.
With this change, the scoring system used in the study
became a modified sPESI (m-sPESI). In addition to this
modification, we based the total score on the score of
each parameter in m-sPESI. Unlike in sPESI, the presence of at least one of the parameters caused the score
to be interpreted significantly. Table 1 shows sPESI and
m-sPESI.

SPSS 22.0 (IBM Statistical Package for the Social Sciences
Statistic Inc. version 22.0, Chicago, IL, USA) was used for
the analysis of statistical data. In our study, categorical variables were shown as frequency and percentage. Differences
were investigated with Chi-square, Mann–Whitney U or
Student T test. Predictive value analysis wasperformed with
Roc analysis for clinical data and scoring, and appropriate
hemogram, biochemical parameters were investigated to
show negative results. To show negative results, univariate
analysis and multivariate logistic regression analysis were
performed, as necessary.

Results
Of the 228 patients included in our study, 92 were male and
136 were female. The mean age of males and females were
54.28 ± 16.15 years and 53.21 ± 17.06 years, respectively.
The demographic data of the patients included in the study
are shown in Table 2.
In terms of clinical endpoints, there were significant
differences in the data of patients who needed intensive
care due to COVID-19 infection. As a result of univariate
analysis of categorical variables, age (69.65 ± 14.27 years

Table 1  sPESI and m-sPESI
Parameters

sPESI

Age (years)
History of malignancy
History of cardiopulmonary diseases
Heart rate (min)
Systolic blood pressure (mmHg)
Oxygen saturation (%)

80 ≤; 0 point
No; 0 points
No; 0 points
< 110/min; 0 points
≥ 100 mmHg; 0 points
≥ 90; 0 points

m-sPESI
80 ≥; 1 point
Yes; 1 point
Yes; 1 point
≥ 110/min; 1 point
< 100 mmHg; 1 point
< 90; 1 point

65 ≤; 0 point
No; 0 points
No; 0 points
< 110/min; 0 points
≥ 100 mmHg; 0 points
≥ 90; 0 points

65 ≥; 1 point
Yes; 1 point
Yes; 1 point
≥ 110/min; 1 point
< 100 mmHg; 1 point
< 90; 1 point

sPESI = Zero (0) points; low mortality risk
sPESI > Zero (0) points; high mortality risk

Table 2  Demographic data

Female/Male, n/n
Mean age (years), female/male (mean ± sd)
Diabetes mellitus, n (%)
Hypertension, n (%)
Coronary artery disease, n (%)
Smoking, n (%)
Chronic obstructive pulmonary disease, n (%)
History of malignancy, n (%)
Chronic renal failure, n (%)
Presence of immune suppression, n (%)
Congestive heart failure, n (%)

136/92
53.21 ± 17.06/54.28 ± 16.15
45 (%19.7)
65 (28.5)
33 (%14.5)
52 (%22.8)
8 (%3.8)
5 (%2.2)
5 (%2.2)
2 (%0.9)
12 (%5.3)
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vs 51.58 ± 15.85 years; p < 0.001), hemoglobin
(11.20 ± 3.40 g/dL vs 12.89 ± 1.75 g/dL; p < 0.001),
troponin-I (46.94 ± 125.72 mg/L vs 7.97 ± 18.75 mg/L;
p < 0.001), C-reactive protein (CRP) (92.30 ± 61.87 mg/L
vs 37.73 ± 51.16 mg/L; p < 0.001), f ibr inogen
(654.192 ± 199.619 mg/dL vs 463.35 ± 199.35 mg/dL;
p < 0.001), co-morbidities such as HT (p = 0.01), CAD
(p = 0.001), DM (p < 0.001), history of malignancy
(p = 0.008), along with m-sPESI scores (p < 0.001) were
significantly higher in patients that needed intensive care
due to COVID-19 infection. The univariate analysis of

variables of patients needing and not needing intensive
care are presented in Table 3.
Since age, malignancy history, CPI history, HR, SBP and
sPO2 are included in the m-sPESI scoring system, other
parameters such as CRP, ferritin, fibrinogen, creatinine,
neutrophil/lymphocyte, troponin, hemoglobin, presence of
diabetes and m-sPESI score were included in multivariate
analysis (Table 3), which revealed that the m-sPESI score
was a highly significant independent variable for patients
who needed intensive care hospitalization (OR 3.421
CI 95%: 1.976–5.923, p < 0.001). In the ROC analysis,
m-sPESI scores ≥ 2 and above were predictive of needing

Table 3  Univariate and multivariate analysis
Variables

Mean age (years), female/male (mean ± sd)
Female/Male (n)
Smoking (n)
Hypertension (n)
Coronary artery disease (n)
Diabetes mellitus (n)
COPD (n)
History of malignancy (n)
Chronic renal failure (n)
Cardio pulmonary insufficiency (n)
Presence of immune suppression (n)
m-Spesi score (point)
WBC (103/mm3) (mean ± sd)
Hemoglobin (g/dL) (mean ± sd)
Platelet (103/mm3) (mean ± sd)
Neutrophil (103/ml) (mean ± sd)
Lymphocyte (103/ml) (mean ± sd)
Neutrophil lymphocyte ratio (mean ± sd)
Ferritin (mg/L) (mean ± sd)
Troponin (mg/L) (mean ± sd)
D-dimer (ng/mL) (mean ± sd)
Fibrinogen (mg/dL) (mean ± sd)
Sedimentation (mm/h) (mean ± sd)
C-reactive protein (mg/L) (mean ± sd)
Urea (mg/dL) (mean ± sd)
Creatinine (mg/dL) (mean ± sd)
Aspartate aminotransferase (U/L) (mean ± sd)
Alanine aminotransferase (U/L) (mean ± sd)
Lactate dehydrogenase (U/L) (mean ± sd)
Systolic blood pressure (mmHg)
sPO2 (%)
Heart rate (min)

Univariate analysis

Multivariate analysis

ICU (−)

ICU (+)

n = 202

n = 26

51.58 ± 15.85
121/81
47
57
23
33
5
3
1
10
1
0.31 ± 0.46
6.40 ± 2.61
12.89 ± 1.75
228.14 ± 80.07
4.12 ± 2.18
1.72 ± 0.88
3.10 ± 2.71
271.46 ± 331.60
7.97 ± 18.75
1.79 ± 9.23
463.35 ± 199.35
35.19 ± 25.08
37.73 ± 51.16
13.00 ± 5.51
0.79 ± 0.22
29.36 ± 22.07
28.38 ± 30.16
253.01 ± 96.62
117.51 ± 14.33
97.00 ± 2.84
86.05 ± 15.38

69.65 ± 14.27
15/11
5
13
10
12
3
2
4
13
1
0.95 ± 0.20
8.07 ± 4.65
11.20 ± 3.40
233.80 ± 128.97
6.39 ± 4.34
1.06 ± 0.65
7.03 ± 4.61
720.75 ± 725.29
46.94 ± 125.72
2.60 ± 3.47
654.19 ± 199.61
55.80 ± 26.84
92.30 ± 61.87
23.19 ± 9.66
1.08 ± 0.46
36.73 ± 18.84
26.84 ± 17.20
364.53 ± 147.49
86.84 ± 11.00
85.42 ± 6.29
125.46 ± 18.23

NS nonspecific, COPD chronic obstructive pulmonary disease, WBC white blood cells
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p

OR (%95 CI)
(lower–upper)

< 001
NS
NS
0.01
< 0.01
< 0.01
NS
NS
< 0.01
< 0.01
< 0.01
< 0.01
NS
< 0.01
NS
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
NS
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
NS
NS
< 0.01
< 0.01
< 0.01
< 0.01

–
–
–
–
–
0.533 (0.130–2.187)
–
–
–
–
–
3.421 (1.976–5.923)
–
0.775 (0.536–1.122)
–
–
–
1.036 (0.862–1.264)
1.000 (0.999–1.002)
1.004 (0.983–1.025)
–
1.003 ( 1.000–1.007)
–
0.997 (0.984–1.010)
–
1.381 (0.123–15.452)
–
–
–
–
–
–

p

–
–
–
–
–
0.382
–
–
–
–
–
< 0.001
–
0.177
–
–
–
0.704
0.544
0.714
–
0.087
–
0.648
–
0.793
–
–
–
–
–
–
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hospitalization in the intensive care unit (AUC 0.948; 84.6%
sensitivity and 94.6% specificity) (p < 0.001) (Table 3).

Discussion
The COVID-19 pandemic has caused an unexpected crisis in
the world, especially for the health sector. As of 01 October
2020, the number of patients with COVID-19 infection in
the world has exceeded 35 million and continues to increase.
This number is also an indicator of the increased workload in
health institutions. There is a great burden on the clinicians,
especially the physicians who first meet with the patient, due
to the high number of patients examined in health institutions. It has become particularly important to identify the
patients as of the first application, to interpret the clinical
findings and laboratory data correctly and to determine the
effective diagnosis-follow-up-treatment strategy. With this
study, we aimed to use a scoring system in which the clinician who welcomes the patient at the first admission can
predict patient morbidity, in the light of the information and
data that can be easily obtained from the patient.
The manifestation of COVID-19 infection has a wide
spectrum, ranging from asymptomatic disease carrier to
pneumonia with widespread lung involvement, multi-organ
failure and sepsis. Although the majority of patients experience mild or moderate disease, in the study conducted by
Guan et al., it was reported that the rate of severe disease
and hospitalization was around 16% [7]. The severity of the
symptoms is also seen to vary from mild to severe. In addition to comorbidities such as HT, DM, CAD, immune deficiency or the presence of malignancy in the patient group
with a particularly severe course of the disease, there are
some changes in laboratory parameters such as d-dimer,
high sensitive troponin-I, lactate dehydrogenase, ferritin,
CRP that can be interpreted specifically for the disease [8].
Analyses in this severe disease group have shown that particularly patients in the intensive care unit are more prone
to thrombosis and related complications [8, 9]. In addition,
Tang et al. showed that abnormal changes in coagulation
parameters in patients diagnosed with COVID-19 were
associated with poor prognosis [8–12], and there was a
significant reduction in mortality in COVID-19 patients
who were treated with antithrombotic therapy [9–11]. In
the first autopsy series examining pulmonary and cardiac
pathologies in COVID-19-related deaths in New Orleans,
USA, it was reported that thrombotic microangiopathies
were encountered in the lung vascular bed, and especially
fibrin deposits were observed in the distal and relatively thin
parts of the pulmonary arteries. In addition, marked right
ventricular dilatation was found along with cardiomegaly
in all autopsies [13]. Similarly, in the first autopsy series
of 80 cases reported by Edler et al., Germany, Hamburg, it
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was shown that the most common pulmonary complication
accompanying COVID-19 pneumonia was PTE [14]. In their
review, Giannis et al. stated this thrombotic process caused a
tendency towards thrombosis and thrombotic complications
in the lung vascular bed, not only in Sars-Cov-2, but also
in Mers-Cov and Sars-Cov-1, which were also pandemic
spreads, and that this thrombotic process was a lung-specific
complication in coronavirus-related complications [15]. All
these data showed us that the process is remarkably similar
to PTE, especially in the moderate to severe-disease patient
groups who require hospitalization.
Based on this similarity of COVID-19 infection with
PTE, we established the m-sPESI scoring. All parameters
included in sPESI pointed to the groups at risk for COVID19 infection. We only adapted the age parameter according to the 65-year age limit, which is considered risky for
COVID-19, and thus modified the scoring. As of the beginning of the epidemic, in parallel with the increasing number
of explosive cases all over the world, the number of patients
who need an intensive care unit (ICU) bed has increased
significantly. One of the regions that first felt this increasing
ICU demand was Lombardy, Italy, where the elderly population was high [15]. However, in the pandemic scenarios
created in Italy, patients who needed critical care could not
be provided adequate service [16–18]. The situation was
the same in similar scenarios adapted for the United States.
If the isolation rules regarding the pandemic were strictly
followed, the number of patients who needed intensive care
would be decreased by 48%, but even this figure was far
above the intensive care capacity [19]. In a study in the USA
in which 2490 hospitalized patients with COVID-19 infection were evaluated, ICU requirement and mortality data
were analyzed. In that study, 32% of the patients needed
intensive care, and in-hospital mortality rate was 17% [20].
Similarly, in another study reported from China, the rate of
need for intensive care was 32% and the mortality rate was
15% [21]. In a meta-analysis including 45 studies and 4203
patients, the need for ICU was 10.9% (95% CI 4.5–19.3%)
and the mortality rate was 4.3% (95% CI 1.0–9.1%) [22]. In
our study, the number of patients requiring intensive care
was 26 (11.4%), and 7 patients (3%) died. As can be understood, there are serious differences between the studies in
terms of ICU requirement and mortality. However, considering both the ICU need and the resulting mortality rates, the
burden of COVID-19 infection on health systems is obvious.
The univariate analysis performed within the patient
group in our study yielded that age, DM, HR, CRF, CPF,
SBP, HR, m-sPESI and low sPO2 were effective in identifying patients in need of intensive care (Table 1). In many
studies, parameters such as HT, DM, CPF, CRF, presence
of immunosuppression, low sPO2 have been shown to be
risk factors in terms of ICU need. CRP, ferritin, fibrinogen, creatinine, NLR, troponin-I, hemoglobin, and DM
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Limitations
The scope of this study consists of patients who were hospitalized with the diagnosis of COVID-19 and received treatment therefore, the number of patients is low. Although
mortality data were statistically significant, the results were
ignored due to the low number of deaths. The other significant limitation of the present study was retrospective
study design. In addition, our study reports a single-center
experience.

Conclusion

Fig. 1  Receiver operating characteristic (ROC) curve analysis for
modified-simplified pulmonary embolism severity index

were evaluated by multivariate analysis, in which data that
were within the parameters of the m-sPESI scoring system (age, cardiopulmonary disease, history of malignancy,
heart rate, systolic blood pressure, and oxygen saturation)
were not included (Table 3). In the multivariate logistic
regression analysis, m-sPESI was an independent variable in showing the need for intensive care in COVID-19
patients, unlike the other analyzed parameters (OR 3.421
CI 95% 1.976–5.923, p < 0.001). However, ROC analysis
found that m-sPESI was a strong predictor of intensive
care need, especially for patients with a score > 2 (AUC
0.948; 84.6% sensitivity and 94.6% specificity, p < 0.001)
(Fig. 1). In our study, the m-sPESI scoring yielded statistically significant results in terms of predicting mortality.
However, this statistically significant data was deliberately
ignored, especially since more patients were needed to
comment on mortality.
We have seen that there is no simplified scoring system
in the approach to COVID-19 disease in the English literature review.
We updated the age-related scoring data of sPESI,
which was previously proven to be effective in predicting
mortality. We modified the age of 80 years, which was the
limit value for sPESI, as 65 years for COVID-19, and put
it into use as an effective protocol for predicting the need
for intensive care with the name of the m-sPESI scoring
system.
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It is highly important for health systems struggling with the
pandemic to determine the course of the disease early and
take measures accordingly. Identifying morbidity development, the need for hospitalization, and especially the patients
who need intensive care admission and close follow-up at
presentation will ensure an equal distribution of the burden
on health systems. The m-sPESI scoring system, which we
put forward, will be useful in detecting special situations
such as the need for intensive care with high specificity and
sensitivity, and predicting the course of the disease at the
presentation of the patient with COVID-19 disease.
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